5. MODELING CENTER-OF-GLAZING WITH WINDOW

5.1. Overview

The WINDOW program calculates the center-of-glazing U-factor (U.), Solar Heat Gain Coefficient (SHGC,),
Visible Transmittance (VT.) and Fading Resistance (FR) according to the following procedures:

®  NFRC 100: Procedure for Determining Fenestration Product Thermal Properties

®  NEFRC 200: Procedure for Determining Fenestration Product Solar Heat Gain Coefficients at Normal incidence
= NFRC 300: Procedure for Determining Solar Optical Properties of Simple Fenestration Product

= NEFRC 500: Procedure for Determining Fenestration Product Condensation Resistance Values

= ]SO 15099: Thermal Performance of Windows, Doors and Shading Devices — Detailed Calculations

The WINDOW User's Manual, WINDOW 5: Program Description, A PC Program for Analyzing the Thermal
Performance of Fenestration Products (http://windows.lbl.gov/software) contains detailed information about
how to use the program, and can be used to become familiar with the program before reading this manual.

For NFRC simulations, the procedure for calculating the center-of-glazing U-factor in WINDOW is:

®  Verify that the Glass Library entries are from the currently approved International Glazing Data
Library associated with the Optics program (the following website contains current updates:
http:/ /windows.Ibl.gov/software and click on the International Glazing Database link)

® Create a glazing system for the product to be modeled which is composed of entries from the Glass
and Gas Libraries

= This Glazing System can then be imported into THERM to calculate the frame and edge-of-glazing
values

® The Glazing System is also used in WINDOW when constructing the whole product in the Window

Library.
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Figure 5-1. WINDOW Glazing System Library Detailed View.
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5.2. Glass Library 5. MODELING CENTER-OF-GLAZING WITH WINDOW

5.2. Glass Library

The Glass Library contains individual glass layers that can be used to construct glazing systems. For NFRC
simulations, the NFRC approved glass layers from the International Glazing Database shall be used.
WINDOW will install a current International Glazing Database, but the library is updated frequently so check
the website mentioned in Section 5.1 for updates. The data in the International Glazing Database is
determined according to the NFRC 300 procedure. When the NFRC approved glass data is used, a # symbol
appears in the Mode fields of both the Glass Library (shown in Figure 5-2) and the Glazing System Library
(shown in Figure 5-1). All certification simulations must use the most current NFRC-approved International
Glazing Database (IGDB).

The Glass Library imported from the International Glazing Database contains glass products of specific
manufacturers, as well as several entries for generic uncoated products, indicated by the Manufacturer field
being set to “Generic”. The values for these generic entries are not measured properties from any specific
glass products, but are averaged spectral data from at least two samples.

I8 W5 - Glass Library {CProgram Files'LENL\ WINDOWS w5.mdb) 1ol =l
File Edit Libraries Record Tools Wiew Help
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l— I 214 Sil20_10.bst Armorcoat® 10 Mil Sikver 20 on 3mm Wi Bekaert Speacialty Films, LLC IGDE +12.E - 3226 0130
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Figure 5-2. WINDOW Glass Library.

On the left hand side of the screen, of particular interest is the NFRC only checkbox; if checked, only the
records with a “#” in the Mode column will be displayed, which are the records certified for NFRC
simulations.

Detailed View Click on this button to see all the information about the currently highlighted record.
The optical properties defined for each glass entry are listed below:

ID The unique ID associated with this record. For records whose Source is “Optics”, this ID
is the “NFRC ID” from the International Glazing Database. For records whose Source is
“User”, this ID is assigned automatically by WINDOW but can be overwritten by the
user as long as it is unique.

Name The name of the glass layer. If the record was imported from the International Glazing
Database, this name will automatically come from that database.

Product Name The Product Name field from the International Glazing Database.

Manufacturer The name of the glass manufacturer. If the record was imported from the International

Glazing Database, this name will automatically come from that database.
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5. MODELING CENTER-OF-GLAZING WITH WINDOW

5.2. Glass Library

Source

Mode

Color
Thickness
Tsol
Rsoll
Rsol2
Tvis
Ruis1
Ruois2

Tir

emis]

emis2

Source of the glass record. Current options are:

=  Optics5 v <nn.n>: Indicates that the data was imported from the International
Glazing Database, with the database version number, such as, 11.4. These records
will have the spectral data information from the International Glazing Database.

= User: Indicates that the data was created when the user copied an existing record
into a new record. User defined records will not have associated spectral data
values.

An identifier to determine if the glass layer is approved by NFRC. Only records with
“#” in this field can be used for NFRC simulations.

A graphic representation of the color of the glass.

Glass thickness. Units: mm (SI); inches (IP).

Solar transmittance of the glazing layer.

Solar reflectance of the glazing layer, exterior-facing side.

Solar reflectance of the glazing layer, interior-facing side.

Visible transmittance of the glazing layer.

Visible reflectance of the glazing layer, exterior-facing side.

Visible reflectance of the glazing layer, interior-facing side.

Thermal infrared (longwave) transmittance of the glazing layer.
Infrared (longwave) emittance of the glazing layer, exterior-facing side

Infrared (longwave) emittance of the glazing layer, interior-facing side
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5.3 Glazing System Library -- Center-of-Glazing U-factor

5. MODELING CENTER-OF-GLAZING WITH WINDOW

5.3 Glazing System Library -- Center-of-Glazing U-factor

The center-of-glazing U-factor is determined in the WINDOW Glazing System Library. A glazing system is
created by specifying layers of glass from the Glass Library, as well as the gas fill material between the
layers, such as air or argon. Detailed instructions about creating a glazing system can be found in the
WINDOW 5 User's Manual. A sample glazing system library entry is shown in Figure 5-3.

When defining a glazing system, the number of glass
Conditions (Env Cond) must be specified. For NFRC

layers (# Lay), the Tilt, and the Environmental
certification calculations the Environmental

Conditions have restricted values, as discussed in the next section. Also, the glass layers must be from the
Glass Library using approved records from the International Glazing Database, indicated by a # value in the
Mode field of the glass layer record, as shown in Figure 5-3.

Note: to see the U-factor value to four decimal places, click
Options tab, set the Display Precision field to”4”

on File/Preferences menu choice and in the Calculation

For NFRC I Glazing System Library (C:4Program Files\L BNL\WINDDWS5',w5.mdb) A8 -0 x|
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Glass 1 103 CLEAR_G.DAT # 57 [Jlo7r1 0070 0070 0.834 0080 0080 0000 0840 0840 1.000
Gas1 b 1 Air 120
| Glashpr b 103 CLEAR_G.DAT # 57 |07 0070 0070 0.88¢4 0080 0080 0000 0840 0840 1.000
Click on the —
dOUb|e arrow '[O Center of Glass Res\lts | Temperature Dalal Upt\ca\Dalal AngularDatal Calor Froperllesl
a_ccess the Glass Ubsctor | \ SC_ | SHGC | RelHtGan |  Tvie | ket |
Library to select wimzk |\ | T wm2 | C wimk |
? 7 ? ? ? ?
a layer. P \
/ y I
1 = I _I
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The values in the /Fnr Help, press F1
ReSUltS SeCtiOn W|” be Select I Cancel Fmdl I\D VI1D?2 records found
won : : -
?” until the glaZIng [o] Mame Producthame Manutacturer Source  |Mode| Color| Thickness | Tsol | Rsoll | Rsol2| Twis
system is calculated -
using the Calc button. 100 BRONZE_3DAT | Generic Bronze Glass Generic IGDB w114 & 3124 0646 0.062 0063 0680
101 BROMZE_B.DAT | Generic Bronze Glass Generic IGDE «11.4 & 740 0486 0.053 0053 0.533
102 CLEAR_3.DAT Generic Clear Glass Generic IGDBE v11.4 # 2048 0834 0075 0075 0.899
» CLEAR_G.DAT  Generic Clear Glass Gieneric IGDB v11.4 B 55 |07 [oorofooroo.ses
104 GRAY_3.DA Generic Grey Glass Generic IGDE +11.4  # 3124 0609 0.060 0081 n_m:lll
4| | »

Figure 5-3. Selecting glass laye

rs in the Glazing Systems Library.
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5. MODELING CENTER-OF-GLAZING WITH WINDOW

5.3 Glazing System Library -- Center-of-Glazing U-factor

-
Mode: MFRC [ST | [MUM [SCRL

i Glazing System Library (C:\Program Files'LBNL\WINDOW5'wS.mdb) 48 -10] x|
File Edit Libraries Record Tools Wiew Help
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Gaz1 w1 Air 120
Glass2 »» 103 CLEAR_EDAT # 57 [|orM 0070 0070 0.884 0080 0050 0.000 0840 0540 1.000
Center of Glass Results | Temperature Dalal Optical Datal.&\ng\g)atal Calor Properties
Ufactar 5C SHGE Rel Ht. G\n Triz Keff
W2k A2 Wi
/' 2.7033 0.8091 0705 533 0.7861 0.0638
\\ L

" Protected
Far Help, prgss

When the glass and gap layers have been
defined, click on the Calc button and the
center-of-glazing U-factor as well as other
results will be displayed in the Results
section at the bottom of the screen. This
value is used when the glazing system is
imported into THERM.

\Eor NFRC certification

calculations of SHGC
and VT, glass layers
from the Glass Library
with a # in the Mode field
shall be used. The #
indicates that the record
is approved for NFRC
simulations.

Figure 5-4. Calculating results in the Glazing Systems Library.

The Center of Glass Results tab at the bottom of the screen shows the results for the glazing system. The U-
factor results are based on a default glazing system height of one meter. This center-of-glazing U-factor value

will be recalculated in the Window Library to reflect the true height of the product being modeled. (See
Section 7, “Total Product Calculations”, for more information).
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5.3 Glazing System Library -- Center-of-Glazing U-factor 5. MODELING CENTER-OF-GLAZING WITH WINDOW

All the Glazing System Library records can be seen in the List View, access by clicking the List button from
the Glazing System Library Detailed View.

i1 Glazing System Library {C:\Program Files',LBNL', WINDOWS' w5.mdb) i j@l - |E||1|

File Edit Libraries Record Tools Wiew Help
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New | Wik mm wimz
Conp 1| SingleClear 1 N DB N/ 3.05 5312 0853 0389 0839
4|— zm Doubls Clear 4 z NFRC 100-2001 0,064 3 | 2703 | oF0l | 6
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| e | 4 Double Clear with Argon 2 ot a0 MFRC 1002001 0.060 18.80 2576 0FE2 0878 0814
o =l | 5 TipleClea a8 90 NFRC 100-2001 0.020 4256 1,744 0614 0708 0702
— | 7 snmlowsan 2 B 90 NFRC 100-2001 0.051 25,40 1.785 043 0574 072
| 5 sampleizsys 2 90 MFRC100-2001 0.043 2593 1.934 0685 0788 074

Advanced... | — T

7 records found.

o A “#” in the Mode field indicates that all the i
glass layers in the glazing system are

i

Ezpart
= NFRC approved.
FReport
FPrint | 4 | | » LI
For Help, press F1 Mode: NFRC E MUM [SCRL 2

Figure 5-5. The List View of the Glazing System Library shows all the glazing systems.
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5. MODELING CENTER-OF-GLAZING WITH WINDOW

5.3 Glazing System Library -- Center-of-Glazing U-factor

5.3.1. Environmental Conditions

When defining the glazing system for use in an NFRC certified simulation, the NFRC 100-2001 choice must
be used for the Environmental Conditions (Env Cnd) parameter, which contains the parameters defined by
NFRC 100. Figure 5-4 shows the NFRC 100-2001 choice in the WINDOW Environmental Conditions Library.
Table 5-1 lists the values for the U-factor calculation and Table 5-2 lists the values for the Solar Heat Gain
Coefficient calculation.

i W5 - Environmental Conditions Library (C:\Program Files’ LBNL' W1
File Edit Libraries

Record Tools  Wiew Help
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& ]
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[ [ [ C Wima2
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24.0 320
20.0 0o

211 178

21.0 -18.0 0

24.0 320 783
250 a0.0 500
2349 nz 783

4

| o

For Help, press F1

Mode: NFRC  [ST UM [SCRL 7

Figure 5-6. WINDOW Environmental Conditions Library List View.

Use the NFRC 100-2001 Environmental Conditions Library in WINDOW for NFRC center-of-glazing simulations

i W5 - Environmental Conditions Library {C:\Program Fi o)/ =] E3Y W == WS - Environmental Conditions Library (C:Program 8| -18] x|
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i
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Hew
Copy
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Save

i
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-

V¥ Protected
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i
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Copy
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Save

iy
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“wind Direction IWindward 'l

|4SHRAE/NFRE =

Effective Sky Temperaturel 180 C
Effective Sky Emissivityl 1.000
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-
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Figure 5-7. WINDOW Environmental Conditions Library Detailed View of U-factor settings.
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5.3 Glazing System Library -- Center-of-Glazing U-factor

5. MODELING CENTER-OF-GLAZING WITH WINDOW

Table 5-1. Environmental Conditions for NFRC Simulations for U-factor calculations.

Variable Sl Units IP Units (reference only)
Outside Temperature -18°C 0°F
Inside Temperature 210C 700F
Wind Speed 55m/s 12.3 mph
Wind Direction Windward Windward
Direct Solar 0W/m2 0 Btu/hr-ft2
Sky Temperature (Tsky) -18°C QcF
Sky Emissivity (Esky) 1.00 1.00

Use the NFRC 100-2001 Environmental Conditions Library in
WINDOW for NFRC center-of-glazing simulations

1 W5 - Environmental Conditions Library {C:\Program Fil ol [m] EI| Wl £F w5 - Environmental Conditions Library {C:4Program A8 -[0] x|
File Edit Librares Record Tools Wiew Help File Edt Lbraries Record Tools Wiew Help
D sRBEE: nqr B el O#7 |DSH $B=R|Z|E: .« » v |B[- enj; O#|7
List | Environmental Conditions Library = List Environmental Conditians Library =
Mew | D #' v Mew D #: v
B | Mame: [NFRC 100-2001 B Name: [NFRC 100-2001
Delete | U-factar: Insidel U-factor, Outside  SHGE: Inside | SHEGC: Outside Delete U-factar: Insidal U-factor. Dutsidel SHGEC: Inside  SHGC: Outside
il Inside Air Temperatulem [ il Ovtside Air Temperaturem [
Direct Solar Hadiationlm Wim2
~ Convection — Convection
ModetlASHHAEKNFHC Inside j ModetlASHHAEKNFHC Outside j
Convection Coef. | 15.000 wimz-K
Outside 'Wind Speedl—ZE mds
“find Dilectionlm
— Radiation — Radiation
[asHRAENFRE | [4sHRAE/NFRE =l
Effective Foom Temperalurem C Effective Sky Temperaturelw C
Effective Room EmISSIVI[}IIW e Effective Sky Emissivitylw f

4

For Help, press F1

-

Modes WERC 31| WOM | s

<]

-

For Help, press FL

Mode: MFRC 5D oM [ s

Figure 5-8. WINDOW Environmental Conditions Library - Settings for SHGC.

Table 5-2. Environmental Conditions for NFRC Simulations for SHGC and VT calculations.

Variable Sl Units IP Units
Outside Temperature 32:C 89°F
Inside Temperature 240C 75¢0F
Wind Speed 2.75m/s 6.15 mph
Wind Direction Windward Windward
Direct Solar 783 W/m? 248.2Btu/ hr-ft2
Sky Temperature (Tsky) 320C 89°F
Sky Emissivity (Esky) 1.00 1.00
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5. MODELING CENTER-OF-GLAZING WITH WINDOW

5.3 Glazing System Library -- Center-of-Glazing U-factor

It is possible to make new environmental conditions with specific conditions specified, in order to evaluate
the design of a product. However, only the pre-defined NFRC 100-2001 shall be used for NFRC rating

purposes.

5.3.2. Coatings

The location of coatings on a glass layer can affect the center-of-glazing U-factor and therefore the whole
product calculation, so it is important to specify the location correctly. When using a glass entry from the
WINDOW Glass Library, if the coating is not on the correct surface, the glass layer shall be flipped. To flip a
glass layer, while on a glass layer in Edit mode, click on the Flip checkbox, and the glass surfaces will be
flipped, as indicated by the dashed line in the graphic display of the glazing system.

i Glazing System Library {C:'Program Files\LBNL'\\WINDOWS'w5.mdb)
File Edit Libraries Record Tools Yiew Help

=8| -0 x|

DSHEH 2R (S(E: « «» 0|8 o0 OH#| % 28

— Glazing System Library

For Help, press F1

Calc [F9) | D #: |3 Mame: | Dauble Low-e A
Mew ﬂLayers:|2 ﬂ TiIt:I an *
Enwvironmental -

Capy | Camiitint: | NFRC 100-2001 =l

Delete | Comment:l 1 2

Save | Dverallthickness:|21.590 mm Mode: Iﬂ

Report | [ [ o] Name [Mode] Thick [Fiig] Tsol [ Rsoll | Rsol2 | Tvis | Rvist [Rvis2 | Ti [ E1 | E2 [ Cond|
Glass1 #» 925  CMFTIR_3.AFG # 32 [ {049 0395 033 0780 0126 0158 0000 0033 0840 1.000
Gaz1 »r 1 Air 127
Glass2 »» 103 CLEAR_B.DAT # 57 [O|o77 o070 0070 0884 0080 0080 0000 0.840 0,840 1.000

Mode: NFRC  [ST NUM [SCRL 7

|

Click on the Flip checkbox and the glass
layer will be flipped so that the coating is on
the inside of the glass layer.

i Glazing System Library (C:\Program Files'LBNL\ WINDOW S5 w5.mdb}

-8 -0

X

File Edit Libraries Record Tools Yiew Help
DB a2 (E: «ar (B €0

O #%|?

r— Glazing System Library

Calc: [F9) | D #: |3 Mame: [Double Lawr-e Air \
Mew # Layers: |2—ﬂ Ti|t;|—90° i
Copy | Envirenmentalfy Fr 1002001 = 5
Delete | Comment: | 1
Save | Overall thickness:lm mm Mode: Iﬂ— v
Report | [ [ o] Name [Mode] Thick [Fiig] Tsol [ Rsoll | Rsol2 | Tvis | Rvist [Rvis2 | Ti [ E1 | E2 [ Cond|

Glass1 »» 925  CMFTIR_3.4FG # o3z |Z| 0.436 033
Gaz1 » 1 Air 127
Glass 2 »» 103 CLEAR_E.DAT # 57 [|orA

For Help, press F1

0335 0730 0158 0126 0000 0840 0033 1.000

0070 0070 0834 0030 0030 0000 0840 0840 1.000

Mode: MFRC  [ST UM [SCRL

[]

4

Figure 5-9. Use the Flip checkbox to flip the coatings on a glass layer.

Coating is on
the outside of
the glass layer.
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5.3 Glazing System Library -- Center-of-Glazing U-factor 5. MODELING CENTER-OF-GLAZING WITH WINDOW

5.3.3. Gas Fill

The gas used to fill the gap between the glass layers makes a significant contribution to the center-of-glazing
U-factor, although it does not have much affect on the Solar Heat Gain Coefficient. For NFRC certified
simulations, the gas to be shipped in the fenestration product shall be modeled. When creating a glazing
system in WINDOW, choose the appropriate gas fill from the Gas Library, which contains the maximum gas
fills that can be used, as shown in the figure below. Custom gas mixtures can be defined in the Gas Library.
See the WINDOW User’s Manual for more details about making a new gas mixture in the Gas Library.

When a gas is used to fill the gap between glass layers, there is always a mixture of the gas and air. The
amount of air mixed in is dependent on many factors including the method used to fill the gap, either
evacuated chamber filling, two-probe filling with a concentration sensor, or single-probe timed filling. Table
5-3 shows the maximum gas concentrations that can be achieved with each method. For NFRC certification
simulations, the simulator shall request the gas-filling technique and the gas concentration for their product
from the manufacturer.

Table 5-3. Gas Concentrations based on Filling Technique.

Filling Technique Maximum Gas Concentrations
Achieved
Evacuated Chamber Filling 97%
Two-Probe Filling with a Concentration Sensor 95% for Argon filled
90% for any other gas (Krypton, Xenon, etc)
Single-Probe Timed Filling 60-90%

For IG units with multiple gases, the simulation shall be performed using the gas concentrations stipulated by
the manufacturer, but in no case can the simulation exceed the “Maximum Gas Concentration” shown in
table 5.3 for the fill technique used. In the case where the fill technique is “Two-Probe with concentration
sensor” and the gas mix is Krypton & Argon, the Maximum Gas Concentration of the mixed gas shall not
exceed 90%. (Reference: NFRC TI-2003-07).

i W5 - Gas Library (C:\Program Files\ LBNL\ WINDOWS',w5.mdb) -0 x|
File Edit Libraries Record Tools Wiew Help
Ded s 2R[(EE: r |Balen; O#|%|2N
= : Gas Library [C:\Program Files\LBMLYW/MD 0545 mdb) =
Detailed Yiew |
Calz | [] Mame Type | Conductivity Wiscosity Cp Density Frandtl
Hew WK gtz JAkg-E kg/m3
e " . .
Copy | :m' " i
2 Argon Fure 0.016349 0.000021 521.923016 1.781832 06704
Delete | 3 Kmypton Pure 0.005664 0.000023 248.031003 3737796 0E717
~Find————————— 4 Renon Fure 0.005180 0.000021 158.339996 5856475 0542
IID 'I £ Air (5% / Argon [35%) Mix Mix 0016704 0.000021 539.729614 1.757349 0E7H
I— 7 Ar[12%] / Argon [22%] / Krypton [B6%) Mix | Mix 0017490 0.000023 322703613 2.014009 0.E403
g Ar[5%)/ Kiypton [35%) Mix Mix 0.009191 0000023 261.638536 3615515 06640
Advanced. . | q A (10%) / Argon [90%) Mix Pl 0.017063 0.000021 558.033142 1.732866 06758
2 records found,
Import |
Export |
Beport |
Print | 4| | b ;I
For Help, press F1 Mode: MFRC ﬁ LM 5

Figure 5-10. WINDOW Gas Library.
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5. MODELING CENTER-OF-GLAZING WITH WINDOW 5.4 Solar Heat Gain Coefficient and Visible Transmittance

5.3.4. Laminated Glass / Applied Films

At the time of this writing, to model laminated glass or glass with applied films in WINDOW, the data must
be approved data (with “#”) in the IGDB.

5.4 Solar Heat Gain Coefficient and Visible Transmittance

The document NFRC 200: Procedure for Determining Fenestration Product Solar heat Gain Coefficients at Normal
Incidence contains the rules and definitions for calculating the Solar Heat Gain Coefficient and Visible
Transmittance for products. Consult NFRC 200 to determine how to group products for these calculations, as
well as algorithm documentation.

In WINDOW, the center-of-glazing Solar Heat Gain Coefficient (SHGC) and Visible Transmittance (VT) are
automatically calculated in the Glazing System Library in the Center of Glass Results tab, as shown in the
figure below.

In addition, these values are calculated for the whole product and for the NFRC SHGC 0 and 1 and VT 0 and
1 cases in the Window Library, as explained in Chapter 7 of this manual.

ii Glazing System Library {C:\Program Files'LBNL WINDOW5' w5.mdb) j@l — |E||i|
File Edit Libraries Record Tools Wiew Help

DS s B@R& E: v W[ @;: O#* % 2N

— Glazing System Library -
List |
Calc (F9) | D n;|2 Name;IDouble Clear Air
New #Layers:IE ﬂ TiIt:I a0 -
Copy | EmArenental [y o 100.2001 .
Delete | Eomment:' 1 2
Save | Owerall thickness:|23.430 mm Mode:lﬂ
Report | [ 1 o | Mame  |Made| Thick [Fig] Tsol [ Rsall | Rsol2 | Twis | Rvist | Rvis2| Ti | E1 | E2 [Cond|  Comment
Glazz 1 »» 103 CLEAR_E.DAT # 857 [J| o771 0070 0070 0.884 0080 0080 0000 0.840 0840 1.000
Gaz1 w1 Air 120
Glasz 2 »» 103 CLEAR_E.DAT # 57 [J]07M 0070 0070 0884 0080 0030 0000 0840 0840 1.000
1 | »
Center of Glass Results | Temperature Data | Optical Data | Angular Data | Color Properties
Ufactor 5C SHGC Rel. Ht. Gain Twiz K.eff
A2 w2 WK
.............. 2r0E i 08091 WS e Le] IDE:S
/ A
/
I~ Protected LI
For Help, press F1 Mode: MFRC ﬁ MUM |SCRL %
7
The center-of-glazing Solar The center-of-glazing Visible
Heat Gain Coefficient (SHGC,) Transmittance (Vtc)

Figure 5-11. The center-of-glazing SHGC and VT are calculated in the WINDOW Glazing System Library.
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